The high performance liquid chromatographic method for the determination of p-chlorobenzene mercapturic acid and 4-chlorocatechol conjugates is described For determination of urinary mercapturic acid, the benzene extract from urine was injected into a liquid chromatograph and for determination of urinary 4-chlorocatechol conjugates, hydrolysate was dissolved in methanol The methanol solution containing 4-chlorocatechol was injected into a liquid chromatograph Differences in urinary excretion of monochlorobenzene between rats and humans were studied Monochlorobenzene was administered to rats intraperitoneally, and to humans orally or by inhalation Urinary p-chlorophenylmercapturic acid, and 4-chlorocatechol after hydrolysis of its conjugate, were measured The amount of total metabolites is proportional to the doses administered to rats, rabbits and mice by intraperitoneal injection The ratio of urinary mercapturic acid to 4-chlorocatechol is in the order of rats, mice and rabbits by intraperitoneal injection, and rats and human beings by oral administration The excretion of p-chlorophenylmercapturic acid was markedly less than that of 4-chlorocatechol in humans who received monochlorobenzene orally or by inhalation The results indicate that the 4-chlorocatechol conjugate is a suitable index of metabolites in the urine of workers exposed to monochlorobenzene.
Introduction
Monochlorobenzene is used as a solvent and chemical intermediate and has been used extensively in industry for many years, but little has been published on its toxicity (Deichman 1981) .
It is quite difficult to estimate the average concentration of monochlorobenzene in the air in places where it is used, as the concentration varies considerably M Ogata and Y Shimada within a working day It is more practicable, therefore, to calculate the amount inhaled by workers from the metabolites excreted in their urine (Ogata et al. 1969) . Parke and Williams ( 1955) have shown that the major metabolites of monochlorobenzene found in the urine of rabbits administered chlorobenzene are p-chlorophenylmercapturic acid and the monoglucuronide and ethereal sulphate conjugate of 4-chlorocatechol Differences in urinary excretion of trichloroethylene in rabbits, rats and mice have been studied (Ogata et al 1979) and differences in the urinary metabolite of o-xylene in rats and humans have been reported (Ogata et al 1980) The purpose of this report is to estimate the quantitative determination of urinary metabolites by high performance liquid chromatography and to observe the differences of metabolites between rats and human beings administered monochlorobenzene, in order to search for a suitable index of the metabolites in the urine of workers exposed to monochlorobenzene.
Materials and Methods
Reagents p-Chlorobenzenemercapturic acid (MA) and 4-chlorocatechol ( 4 CC), both of reagent grade, were purchased from Kanko Shikiso Co and Tokyo Kasei Co and used after resolving in water.
Urine Specimens
Four female Wistar rats weighing about 180 g were used Rats were given a laboratory diet with water added liberally Monochlorobenzene (Mo CI-Bz) was diluted with polyethylene glycol and injected intraperitoneally into rats or administered to rats and humans orally Mo Cl-Bz was injected into rats at the dose of O 5 mmol kg', 1 mmol kg-' and 2 O mmol kg-' Mo Cl-Bz was also administered orally at a dose of 0 3 mmol kg-' Urine was collected periodically. Mo Cl-Bz was administered orally to a 57-year-old male volunteer three times at a dosage of 0.3 mmol kg-' Urine samples were taken during work hours from two workers (average of 30 years of age), working around the distillation apparatus of a factory using Mo CI-Bz.
High Performance Liquid Chromatography (HPLC)
For the assay, urine ( 1 ml) was placed in a stoppered tube Its p H was adjusted to 2 0 with HCI and nearly saturated with Na Cl ( 0 3 g) Mo Cl-Bz was extracted with benzene or ethyl ether three times Benzene or ethyl ether was evaporated under reduced pressure and dissolved in ethanol For the separation of MA by HPLC, 1 l of ethanol extract was introduced into the gaschromatography The column was 4 0 mm x 150 mm and was packed with Nucleosil 5 C 18 , 5 pm (Nagel) The mobile phase was a mixture of ethanol, water and phosphoric acid ( 50/50/ 0.26) The flow rate was 1 mlmin', and the pressure was 80 kg cm-'.
For 4 CC measurement, HCI was added to the urine to a final concentration 3 M, and the mixture was heated for 3 h in a water bath, according to the procedure of Lindsay Smith et al. ( 1972) , which released virtually all of the ether-extractable materials, including glucuronide and sulfate conjugates The hydrolysate was nearly saturated with 0 3 g ml-' of Na Cl After drying the extract under reduced pressure, the residue was dissolved with a volume of methanol equal to that of the original urine sample.
For the separation of 4 CC by HPLC, 1 1 i of methanol containing 4 CC was introduced into the gas chromatography A column packed with Nucleosil 5 C 18 was used The mobile phase was methanol and water ( 50/50), the flow rate was 0 7 ml min -', and pressure was 100 kg cm -2 (Shimada and Ogata 1980).
